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ABSTRACT 


In the absence of information concerning underlying 
Gactributions of populations being sampled, it is difficult 
to apply parametric statistical tests without possibly 
Violating assumptions under which these tests have been 
derived. As a result, parametric statistical tests may 
provide invalid information and result in erroneous conclusions 
related to samples under observation. This undesirable effect 
leads statisticians toward the utilization of non-parametric 
tests which are unconcerned with the specific form of the 
underlying distributions. By computer sampling, this paper 
investigates the power of the Wald-Wolfowitz runs test as it 
pertains to normal, uniform and triangular distributions. 
The power is found to be satisfactory when it is possible to 


obtain large samples for comparison. 
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I. INTRODUCTION 


- 


A question which is often asked when sets of data are 
analyzed by statistical methods is: "Have these two samples 
been drawn from the same populations?" When the distributions 
from which the samples were drawn are unknown, it may be 
necessary to resort to non-parametric statistical techniques 
for resolution. These distribution-free methods, unlike 
parametric methods, require no assumptions about the form of 
a sampled population. By eliminating these assumptions, the 
problem of robustness (i.e. sensitivity to departures from 
assumptions) is also eliminated. 

The Wald-Wolfowitz runs test [Refs. 7 & 8] is non- 
parametric with a null hypothesis that two samples, not 
necessarily of equal size, have been drawn from distributions 
of the same form. The test itself is easily applied and only 
requires that the two samples are stochastically independent 
with continuous cumulative distribution functions [Ref. 10]. 

This paper examines, by repeated computer sampling, the 
power of the Wald-Wolfowitz runs test for three well-known 
distributions as the means, variances and sample sizes of 
these distributions are А Differences in these 
various parameters will cause rejection of the null hypothesis 
by reducing the number of runs which occur. 

To determine the number of runs formed by two random 
Samples, the following procedure is followed. Elements in 


sample one are identified with an 'X' and those in sample 
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two with a 'Y'. The elements from both samples are then 
combined and numerically sorted into ascending order. Be- 
cause samples are drawn from continuous distributions; only 
one ordering is possible and, therefore, the number of runs 
is fixed. Assuming m X's and n Y's, and ordered vector of 
length mtn has been obtained. Define a run to be a sequence 
of letter(s) of the same kind bounded by a letter of another 
kind. Then, for example, 11 runs ne in the following 
ordered example: 
XX Y X YYY XX YY X YYYY XXX Y X 

Samples from the same population will tend to provide an 
intermingled ordered vector and, therefore, the number of 
runs is expected to be large. If, however, the means of the 
two samples are not the same, we expect to find fewer runs 
with a long run of X's on one end, a long run of Y's on the 
other end and some intermingling in the middle. Likewise, 
if X has a larger variance, a larger run of X's would appear 
on both ends with less mixing in the middle. A similar 
analysis may be carried on for differences in skewness, 
distributions, etc., all of which lead to a reduced number 
of runs. 

Deciding whether non-parametric statistics should be 
utilized or not may be summed up by considering the 


advantages and disadvantages quoted by Moses [Ref. 5]. 





"Advantages of non-parametric methods: 


1. Whatever may be the form of the distribution 
from which the sample has been drawn, a non-parametric test 
of a specified significance level actually has that I 
significance level (provided that the sample has been drawn 
at random; in certain cases as will be noted, it is also 
necessary to assume that the distribution is continuous), 


| 2. If samples are very small, e.g., six, there is 
in effect no alternative to a non-parametric test (unless 
the parent distribution really is known). 


3. If the sample consists of observations from 
several different populations there may be a suitable 
non-parametric treatment. 


4. The methods are usually easier to apply than 
the classical techniques. 


5. If the data are inherently of the nature of 
ranks, not measurements, they can be treated directly by 
non-parametric methods without precariously assuming some 
special form for the underlying distribution. 


6. In certain cases data can only be taken as 
'better' or 'worse,' that is, an observation can only be 
characterized as a plus or minus. Obviously, the classical 
tests are not directly applicable to such data. 


"Disadvantages of non-parametric methods: 


1. If non-parametric tests rather than normal- 
theory tests are applied to normal data then they are waste- 
ful of data. The degree of wastefulness is measured by the 
'efficiency' of the non-parametric test. If, for example, 

a test has 80 per cent efficiency this means that where the 
data are from a normal distribution, the appropriate classical 
test would be just as effective with a sample of 20 per cent 
smaller size. The efficiency thus expresses the relative 
merits of the non-parametric test and the classical test 
under the conditions where the normal test is correct, but 
does not tell us how the tests will compare on non-normal 
data. 


2. The non-parametric tests and tables of 
significance values are widely scattered in the periodical 
literature. 


3. For large samples some of the non-parametric 
methods require a great amount of labor, unless approximations 
are employed." 


For the Wald-Wolfowitz runs test, let 


u' = number of runs actually formed. 





then 


t 





1 u 
P(uSu')=s J F 
= mtn => u 
n 
where 
m=l п-і 


Ns 20-1-17 when u=2k, i.e. u is even, 


and 


m-1 n-1 m-1 n-1 


ἘΠΕ 16-2 +C,_5C, 45 when u=2k-1, i.e. u is odd, 


for k=1,2,...,m+1 (assuming m<n with no loss in generality). 
For large sample sizes, the number of runs is 
approximately normally distributed [Refs. 1, 4 & 5] with 


mean = 2mn/(mtn) + 1 


and 
2m (2mn - п - п) 
(m+n) (m+n) (m+n-1) 


variance 
A modest study of the rate of convergence indicates that this 
approximation is not good for tail probabilities with sample 
Sizes below 75. For this reason, an extensive table of the 
distribution of u' is given in Appendix B. 

Computer generation of random variates was selected in 
this investigation of the Wald-Wolfowitz runs test because 
many samples were desired. These samples had to have known 
distributions, be of specific size and be available 
immediately. In addition, paired samples were labelled as 
indicated above, then combined, sorted and runs counted and 
tabulated. These steps were all repetitious and, therefore, 
readily adaptable for machine computation. Methods used for 
random variate generation are contained in the next section. 


- 


The computer program, sample outputs and tabulated results 


are in the appendices. 5 





II. METHODS 


A. GENERATION OF RANDOM VARIATES 
Prior to generation of random variates for the selected 
distributions, it was necessary to select a random number 
generator capable of providing uniformly distributed random 
variates over the interval (0,1). The IBM subroutine, Randu, 
was tested by means of the chi square goodness of fit test 
[Ref. 3]; it appeared to be satisfactory. The selected 
distributions were then generated as indicated below. 
1. SUna@orm Dastribution 
The mathematical expression for the probability 
density function of the uniform distribution with parameters 
a < b is defined as follows: 
es Ба ASKED 


Ор otherwise 


Mie cumulative distribution function is: 


It should be observed that F is defined over the 
interval (0,1); therefore, by using the IBM subroutine Randu 
and setting F(x) = r (where r is the random number 
1 


generated), r may be mapped into x by F This is given by 


х= а + (Ь - а) ; G < r < 1 





2. Triangular Distribution 
For flexibility, three cases are considered which may 


be deseribed in terms of figure 1. 


a b с x 


Figure 1. 


a. Case 1 - Triangle I Only 
Given the length of the base of the right 
triangle, points a and b, and knowing that the area must 
equal one, it is possible to determine both the altitude and 
the slope of the hypotenuse of the triangle. From this, the 


probability density function may be written as follows: 


----- $ a < x < b 


0 أ‎ otherwise 
By integrating the. probability density function, 


the cumulative distribution function is obtained; 


x ” 
2 
F(x) = f attra) dt = Leal, > a<x<b 
osa (b-a) 
a 2 





Finally, by means Qf the inverse transformation, 
E a uniform random variate from the IBM subroutine Randu 
ls mapped into one with the distribution F by the mapping 
x=a+(b-a vr ; O <x επι | ^ 
р. Cace? = Triangle II Only 
Using the method described for case l, Triangle 


II may be obtained ina similar fashion. The probability 


density function is: 


0 otherwise 
The cumulative distribution function obtained by 


integrating the probability density function is 
Р 2 
F(x) = | ------- Ак с ------ D < Ne 


The mapping ا‎ of r into x is given by: 
E Бут суре] 
с. Case 3 - Triangle I and II 

The method used to generate random variates in 
this case is similar to combining cases 1 and 2. Here, the 
points a, b and c as well as the area of triangle I are 
given. Since the total area of the two triangles must equal 
one, the function of F is ee 

Let atl and at2 equal the areas of triangles I 
and II, respectively. When Q < r < atl, r is mapped into 
(a,b) by an inverse transformation. If atl < r < l, then r 


is. mapped into (b,c). This mapping is given as follows: 
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au (Ba v (atlir 


ас rss‏ یس لے ہن سط 0 6 6 دب ےد جک کت 


- 


3. Normal Distribution 
There are several methods which may be utilized to 
generate random variates from the normal distribution. The 
method used here is based on the central limit theorem [Ref. 
6] which states that the probability distribution of the sum 
of n independently and identically distributed random 


: ; 2 
varlates x with respective means u; and variances с. 


;, аз п 


becomes very large, approaches the normal distribution 


asymptotically with mean and variance: 


n 
u = > u; 
1-1 
п 
22-7 σ΄ 
Ді 
i=l 


It can be shown that a standard normal variate z is 


approximated well by: 


By equating this representation of the standard normal 
variate with its representation in terms of a normal variate 


: 2 
x with mean ш and variance тг 


ШЕ)! 





A simple formula for generating normally distributed random 
variates with mean u, and rl once σ΄ is obtained. 


m n 
x = 5. У12/п ) г; - п/2 + u 


i=1 


x _ 


The smallest value recommended for use in simulation is 
n=10, but by selecting n=12, computational efficiency is 


increased and the formula is reduced to 


12 


BR UBELIZATION OF ANTITHETIC VARIABLES 

Antithetic variables were used in this investigation 
to increase computational efficiency in connection with 
generation and use of random variates. Consider the 
generation of random variates for the uniform distribution 
in the interval (a,b). Suppose a random variate r in the 
interval (0,1) is drawn which is close to zero, when r is 
mapped into x, the realization of x for the uniform 
distribution will be close to a. The antithetic variable, l-r, 
when mapped into the same uniform distribution will create 
a realization close to b. Creating the antithetic variable 
for use in another sample for later use is thereby quickly 
obtained by a single subtraction compared to several 
computational steps necessary to create a new random variate 
r. In addition, if the random number generator is biased 
toward one end of the (0,1) interval, the antithetic 


variable will produce a cancelling effect. Antithetic 
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Variables are discussed in detail in relation to queuing 


problems by D.P. Gaver [Ref. 2]. 
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ІІІ. RESULTS AND CONCLUSIONS 


It is known that statistical tests with weak assumptions - 
are applicable to a broad variety of problems, but generally 
have low power. By design, the Wald-Wolfowitz runs test 
falls into this category. 

Samples of various sizes from distributions with various 
means and variances were drawn from three continuous 
distributions by a computer sampling ЖТ The actual 
parameter selections and results are tabulated in Appendix 
E. The sampling process used antithetic variables and was 
repeated 5000 times during each computer run to allow 
reasonable estimation of the mean percentages of rejection 
of the null hypothesis. 

Tests were not conducted comparing one distribution 
shape against another. These tests were not included because 
of computer time limitations. However, the tests between 
distributions of like shape indicates an inability of the 
wald-Wolfowitz runs test to reject "large" shape differences 
with samples of small size (e.g. uniform or normal 
distributions with sample sizes 10 tabulated in Appendix E.) 

Comparing the simulation type I error rate with the 
values available in Ostle [Ref. 7] and Siegel [Ref. 8] 
provided some unexpected results. Instructions provided with 
these tables clearly state a .05 significance level; however, 


against the Wald-Wolfowitz runs test they actually provide 
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΄ 





a .025 significance level, This discrepancy arises because 
the Wald-Wolfowitz test is a one-tailed test, whereas the 

runs test used to test randomness in sampling procedures 

is a two-tailed test. The same table cannot provide a .05 
Significance level to both a one-tailed and two-tailed test. 
It is therefore necessary to exercise utmost care when using 
many published tables because of the significance level error. 

As a result of this error in published tables and the 
fact that it is not possible to obtain a conservative 
estimate of the number of runs by the normal approximation, 
a table for the critical number of runs to sample size 50 
for a .05 significance level is provided in Appendix A. In 
addition, an extensive probability table for the actual 
number of runs or less is provided in Appendix B. From this 
table it is possible to determine the exact probability that 
CITE παιδες of runs will be encountered during 
sampling. By using the table in Appendix B, it is also 
possible to construct tables for any desired significance 
level. 

In conclusion, the Wald-Wolfowitz runs test fails to 
provide a rejection for samples of small size from what 
intuitively seem to be quite different distributions. As 
sample size is increased, the power of the test increases 
considerably as can be seen by comparing the values shown in 


Appendix E. 
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31* INVALID SAMPLE SIZE IE 


CHECK IF VALIO OISTRIBUTION REQUESTED 

1F ( DIST .GT. O .AND. D1ST .LT. 4) GO TO 5 

INDICATE INVAL1O DISTRIBUTION REQUESTEO, SET ABORT CONOITION 
WRITE (6,6) 

FORMAT (//31* INCORRECT DISTRIBUTION 2141) 
ABORT = 2 

RETURN 

IF ABORT CONDITION NOT SET, CONTINUE 

GO TO ( 20,21.22), DIST 

UNIFORM DISTRIBUTION 

CHECK FOR VALIDITY OF PARAMETERS 

IF ( PARA .LT. PAR8) GO TO 7 


INDICATE PARAMETERS, SET ABORT CONDITION 


WRITE (6,8) 

FORMAT (// 3(* INVALID PARAMETERS ء١77۱)‎ 

ABCRT = 2 

ECHO INPUT 

WRITE (6,9) PARA, PARB,SIZE,SEEO 

FORMAT( 'OUNIFORM(' F8.3. 5 F68.3, 2) SAMRLE SIZE -*,13, 
же. RANDOM NUMBER SEEO =", 18) 


NOR“AL DISTRIBUTION 

ENSURE POSITIVE VARIANCE 
IF(PAR8 .LT. D.O) PARB - - PARB 
FIND STANDARD DEVIATION 

PARC = SQRT(PARB) 

ECHO INPUT 


ÑRITE (6,10) PARA,PARB, SIZE,SEEO 
ҒОРМАТ( "ОМОӘНМАЦИ”,Ғ8.3,.!,”,Ғ8.3,") SAMPLE SIZE =". 13, 
4 RANDOM NUMBER SEED =*, 18) 


RETURN 

TRIANGULAR DISTRIBUTION 

CHECK FOR VALIDITY OF PARAMETERS 

IF(PARA .LE. PAFB „AND. PARB .LE~ PARC) GO TO 40 
INOICATE PARAMETERS, SET ABORT CONDITION 


ÑRITE(6,8) 

ABORT = 2 

ECHO INPUT 

WHITE(6541) PARA, RARB,PARC, AREA, SIZE, SEEO 

FORMATL'OTFIANGULARIA =',FB.3,*’, 8 z',.FB8.3,', C =',FB.3, 
*, AREA TRIANGLE 1 =*,F7.3,') SAMPLE SIZE =',13,6%, 
‘RANDOM NUMBER SEED =*,17) 

RETURN 


DETERMINE CASE 


1F(PARA „NE. PARBI GO TO 42 
KASE = 2 


CHECK TRIANGLE AREA AND PARAMETER C 


IF(AREA „NE. 0.D OR., PARC .LE. PARB8) GO TO 23 
69 TO 24 


CASE CHECKING 


LF{PARB «ΝΕ. PARC) GO TO 43 
KASE = 1 


CHECK TRIANGLE AREA 
IF(AREA .NE. 1.01) GO TO 23 


GO TO 24 
KASE = 3 


CHECK TRIANGLE AREA 
IF(AREA .LE. 0.0 .OR. AREA .GE. 1.0) GO TO 23 


GO TO 24 
ENO 


SUBROUTINE RUN (Х,МХ.У, МУ, МК) 
PEAL X(NX)» YINY), A(100), B(100) 


ENSURE THAT INPUT PARAMETERS ARE VALID 


IFINX «ΟΤΙ. Ο «ΑΝΩ. MX „АТ. 51 .AND. NY .GT. O .AND. NY .LT. 51) 
GO TO 4 


IF INPUT PARAMETERS ARE INVALIO, RETURN ZERO FOR THE 
NUMBER CF RUNS 

NR = 0 

RETURN 

۴1 

PLACE ALL VALUES GF SAMPLE X IN VECTOR A 
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ΑΡΡΕΝΟΙΧ ο 
SAMRLE COMPUTER OUTPUTS 


SAMRLE SIZE = 50 RANOOM NUMBER SEEO = 789655‏ )2.000 ,1.009 ۹ ہ۸ل 
JNIFORM( 1.050, 1.950) SAMPLE SIZE = 50 RANOOM NUMBER SEEO = 452001‏ 
NUMBER OF FEPEATEO SAMPLINGS REQUESTEO 1S 5000‏ 
AYRCTHESIS REJECTED FOR 42 OR LESS RUNS‏ 
FREQUENCY DISTRIBUTION OF RUNS‏ 
SAMPLE f: COMMON COMMON ANTITHETIC ANTITHETIC‏ 
SAMRLE 11: CCMMON ANTITHETIC COMMON ANTITHETIC‏ 
NO. PUNS FPEQUENCIES‏ 8 
&EJECCTICN REGION 31 0 1 1 0 2 REJECTION REGION‏ 
E 4 4 16‏ 4 33 
53 13 13 13 14 35 
4 1 1 1 1 36 
133 33 34 34 32 37 
10 2 3 3 2 38 
340 91 79 79 91 39 
30 7 8 8 7 40 
722 190 171 171 190 41 
58 12 17 17 12 42 
ACCEPTANCE REGICN +3 338 328 328 338 1332 ACCEPTANCE REGION‏ 
132 30 36 36 30 44 
1994 476 521 521 476 45 
150 31 4% 44 31 46 
2792 694 702 701 695 47 
251 66 59 60 66 48 
2966 754 130 731 751 49 
254 62 66 6% 62 50 
2777 586 701 702 588 51 
243 65 56 57 65 52 
221% 544 563 563 544 53 
176 41 47 47 41 54 
1465 386 347 346 386 55 
So 31 29 29 31 120‏ 
875 22% 214 213 224 5 
76 18 20 20 18 58 
457 105 123 124 105 59 
36 7 11 11 7 60 
206 53 50 50 53 61 
22 8 3 3 8 62 
66 19 14 14 19 63 
4 2 0 0 2 64 
16 3 5 5 3 65 
4 2 0 0 2 67 
4 2 0 0 2 69 
Re JECTION RERCENT AGES: 7.06% 6.62% 6.62% 7.06% 6,841‏ 
UNTFCRM { 1.000, 2.000) SAMRLE SIZE = 50 RANOOM NUMBEP SEEO = 5400] 2‏ 
UNIFORM( 1.100, 1.900} SAMPLE SIZE = 50 RANOCM NUMBEP SEEO - 452211‏ 
NUMBER OF REPEATEO SAMPLINGS PEQUESTEO 15 5000‏ 
4YRCTHESIS PEJECTEO FOR 42 JR LESS RUNS‏ 
ESEQUENCY DISTRIBUTION QE- BUNS‏ 
SAMPLE 1: CCUMON COMMON ANT ITHET IC ANTITHETIC‏ 
SAMRLE 11: CCMMON ANTITHETIC COMMON ANTITHETIC‏ 
RUNS FREQUENCIES‏ « 
REJECTION REGION 29 2 0 0 2 4 REJECTION REGION‏ 
36 9 9 9 9 31 
98 26 23 23 26 33 
263 66 66 65 66 35 
535 132 155 136 132 37 
2 0 1 1 0 38 
ΠΠ‏ 274 282 281 274 39 
4 1 1 1 1 40 
1667 404 439 430 403 41 
B 22‏ 2 2 9 42 
ACCEPTANCE PEGION‏ 2915 و ACCEPTANCE REGION 12 622 Өт? e‏ 
3001 758 742 743 758 45 
18 3 6 6 3 46 
3125 806 758 758 803 7 
18 4 5 5 % 48 
2676 654 674 673 665 49 
12 3 3 3 3 50 
2152 530 545 545 532 51 
8 2 2 2 2 52 
1310 321 335 35 319 53 
10 3 2 2 3 54 
721 189 171 171 190 55 
2 0 1 1 0 56 
370 93 92 92 93 57 
2 0 1 1 0 58 
ze 113‏ 24 24 33 59 
55 14 14 14 13 61 
8 2 2 2 2 63 
I 2‏ 0 0 1 64 
6 1 2 2 1 65 
2 1 0 0 1 67 
PEJECTION PERCENTAGES: 18.441 18.96% 18.98% 18.46% 18.718‏ 
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UNIFORME 1.000, 2.000) SAMPLE SIZE = 50 RANDOM NUMBER SEEO = 665471 
JNIFORM( 1.150, 1.850) SAMPLE SIZE = 50 RANDOM NUMBER SEED = 453351 
NUMBER UF REPEATED SAMPLINGS REQUESTED 15 5000 
4YPOTHES1S REJECTED FOR 42 OR LESS RUNS 
FREQUENCY OJSTRIBUTION_OF RUNS 
SAMPLE 1: COMMON COMMON ANTITHETIC — ANTITHETIC 
SAMPLE Ті: COMMON ANTI THETIC COMMON ANTITHETIC 
МЭСЕ ЭЗИ 0c NEM c / اح دہ ای کا چس مر ا ا مل ما ا ات تک‎ 
REJECTION REGION 25 0 3 3 0 6 REJECTION REGLON 
5? 2 ὃ 9 2 22 
29 17 14 14 1? 62 
31 44 30 30 45 145 
33 109 115 11% 108 АСЕ 
35 216 190 191 216 813 
37 362 335 335 362 1394 
39 526 583 583 528 2222 
41 710 737 738 710 2895 
ACCEPTANCE REGIDN 43 780 753 751 780 3064 ACCEPTANCE REGION 
45 749 141 749 750 2995 
47 578 615 614 578 2385 
49 436 387 387 435 1645 
59 0 1 1 0 2 
51 256 264 264 256 1040 
52 1 0 0 1 2 
53 124 133 133 124 514 
55 62 62 62 62 248 
57 18 15 14 18 64 
59 5 5 5 5 20 
61 1 3 3 1 8 
63 2 0 0 2 4 
«EJECTION PERCENTAGES: 39.767 40.32% 40.341 39.761 40.04% 
UNIFCRM( 1.909, 2.0001 SAMPLE SIZE = 50 RANDOM NUMBER SEED = 789655 
UNIFORME 1.200, 1.900) SAMPLE SIZE = 50 RANDOM NUMBER SEED = 457778 
NUMRER DF REPEATED SA“PLINGS REQUESTED IS 5000 
AYPOTHESIS REJECTED FCR 42 OR LESS RUNS 
ERE QUENCY DISTRIBUTION ϱΕ. RUNS 
SAMPLE 1: COMMON COMMON ANTITHETIC — ANTITHETIC 
SAMPLE II: C CMMDN ANT I THETIC C DMMCN ANTITHETIC 
αλ... . RUNS FREQUENCIES "a i 
PEJcCTION REGION 21 1 2 2 1 6 REJECTION REGION 
23 2 2 2 2 8 
25 16 10 10 16 52 
27 33 26 24 33 114 
29 73 85 85 73 316 
31 201 169 169 201 740 
33 330 363 364 329 1386 
35 539 513 512 541 2105 
37 672 698 699 673 2742 
39 783 764 765 782 2094 
41 770 769 769 770 3078 
ACCEPTANCE REGION 43 658 602 601 657 2518 ACCEPTANCE REGION 
45 426 419 276 426 1807 
47 256 271 273 256 1056 
48 0 1 I 0 2 
49 144 150 150 144 588 
51 64 66 66 64 260 
$3 23 16 15 23 77 
55 5 10 li Š 31 
57 ὦ 5 5 4 18 
59 0 i 1 0 2 
REJECTION PERCENTAGES: 68.402 67.98% 68.021 68.421 68.20% 
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UNIFFRAL 1.000, 2.000) SAMPLE SIZE = 50 RANDOM NUMBER SEEO = 540013 
JNIFCRM( 1.250. 1.750) SAMPLE SIZE = 50 RANDOM NUMBER SEED = 200111 
NuMBER OF REPEATED SAMPLINGS REQUESTEO IS 5000 
AYPOTHESIS REJECTED FOR 42 UR LESS RUNS 
FREQUENCY OLSTRIBSUTICN OF RUNS 
SAMPLE I: COMMON COMMON ANTITHET IC ANTITHETIC 
SAMPLE 11: COMMON ANTITHETIC COMMON ANTITHETIC 
ΤΟ ο ο м ο ος ο и 
REJECTICN REGION 19 3 5 5 3 16 REJECTION REGION 
21 7 10 10 7 34 
23 37 33 33 37 140 
25 89 85 85 89 348 
2 205 187 187 205 784 
2° ї75 356 356 375 1462 
31 578 607 606 578 2369 
33 708 71% 715 708 2845 
35 774 793 794 774 3135 
37 742 726 725 742 2935 
39 615 582 582 615 2394 
41 398 412 411 398 1619 
ACCEPTANCE REGION 43 242 240 240 242 964 ACCEPTANCE REGILN 
45 138 152 153 138 SR1 
47 55 62 62 55 23% 
49 23 16 16 23 78 
51 5 167 17 5 44 
53 4 2 2 4 12 
55 1 1 1 1 4 
59 1 0 0 1 2 
РЕЗЕСТ1См РЕЗСЕМТАСЕЗ: 290.621 90.20% 90.185 90.62% 90.40% 
UNIFORME 1.000, 2.009) SAMPLE SIZE = 59 RANDOM NUMBEK SEED = 665471 
ΑΝΤΕ. αμ 1.30), 1.700) SAMPLE SIZE - 50 RANDOM NUMBER SEED = 85473 
NUMBER CF REPEATED SAMPLINGS REQJESTED 15 50290 
3YDOTHESIS REJECTED FOR 42 ^e LESS "UNS 
ESEZUEBCY DISIRISUIICN.GOE RUNS 
SAMPLE [5 COMMON COMMON АМТІТМЕТІС ANTITHETIC 
SAMPLE II: CC AMON ANTITHETIC COMMON ANTITHETIC 
Ж ғы алаға 257 ia eee, |) ree 
RESECTION REGION 13 1 0 0 1 2 REJECTION REGION 
ШЕ 3 2 2 3 10 
17 10 12 12 10 44 
19 50 46 46 50 192 
21 109 124 124 109 466 
23 247 218 218 248 931 
25 401 426 426 401 1654 
27 592 585 584 591 2352 
29 743 717 720 744 2924 
31 792 845 843 790 2270 
33 736 737 737 737 2947 
35 584 550 zl 583 2268 
37 375 355 354 276 1460 
39 179 229 230 179 817 
41 115 78 77 115 385 
ACCcPTANCE REGION 42 42 52 52 43 189 ACCEPTANCE REGION 
45 17 1% 1% 16 61 
47 2 9 9 2 22 
49 2 1 1 2 6 
REJECTICA PERCENTAGES: 98.747 98,49% 98.48% 98.741 98.611 
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NORMAL _ = SAMPLE SIZE 10 
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AGA(NST 
AGA(NST 
AGA(NST 
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AGA(NST 
AGAINST 
AGA(NST 
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NORMAL - SAMPLE SIZE 1Q 


AGA(NST 
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AGA(NST 
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AGA(NST 
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NORMAL = SAMPLE.SIZE.15 


AGAINST 
AGA(NST 
AGA(NST 
AGA(NST 
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AGA(NST 
АСА(М5Т 
АСА(М5Т 
АСА(М5Т 
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Νί 
Νί 
Νί 
Νί 
Νί 
Νί 
Νί 
Νί 
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N( 
N( 
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N( 
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N( 
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0.40, 
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1.80, 
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2.60, 


0.0 » 
0.0, 
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«Ὁ ν 
, 
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о.о, 
.0 » 
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1.00; 
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1.00) 
1.00) 
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1.00) 
1.00) 
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1.00) 


1.50) 
2.00) 
2.50) 
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TASULAT(ON OF COMPUTER RESULTS 


REJECTED 
REJECTED 
REJECTED 
REJECTED 
REJECTED 
REJECTED 
REJECTED 
REJECTED 
REJECTED 
REJECTED 
REJECTEO 
REJECTEO 
REJECTED 
REJECTED 


REJECTED 
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REJECTEO 
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REJECTED 
REJECTEO 
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REJECTED 
REJECTEO 
REJECTED 


REJECTED 
REJECTED 
REJECTED 
REJECTED 
RE JECTED 
REJECTED 
REJECTED 
REJECTED 
REJECTED 
REJECTED 
REJECTED 
RE JECTEO 
REJECTED 


1.96% 
2.35% 
3.45% 
5.94% 
9.99% 
16.327 
24.961 
36.261 
48.451 
60.461 
72.90% 
81.59% 
88.61% 
93.64% 


2.11% 
2.61% 
2.841 
3.66% 
4.341 
5.147 
ISE 
8.427 
10.442 
13.82% 


4.45% 

5.067 

6.767 
10.24% 
15.657 
24.42% 
35.71% 
49.827 
64.2872 
77.08% 
86.807 
93.21% 
96.957 
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NORMAL = SAMPLE SIZE 15 
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NORMAL - SAMPLE SIZE 20 
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AGAINST М( 2.00, 1.00) 
AGAINST N( 2.20, 1.00) 
NORMAL - SAMPLE SIZE 20 
AGAINST N( 0.0 , 1.10) 
AGAINST N( O.O , 1.20) 
AGAINST Νί O.0 , 1.30) 
AGAINST N( 0.0, 1.40) 
AGAINST Νί 0.0 , 1.50) 
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RE JECTEO 
RE JECTED 
REJECTEO 
REJECTEO 
RE JECTEO 
REJECTEO 
RE JECTEO 
REJECTEO 
REJECTEO 
RE JECTEO 
RE JECTEO 
RE JECTEO 
RE JECTEO 
REJECTEO 
RE JECTEO 
RE JECTEO 


6.091 

8.46% 
11.712 
15.412 
22.781 
29.19% 
36.913 
41.55% 
47.99% 
52.85% 


3.63% 
4.38% 
4.07% 
6.327 
7.56% 
9.831 
17.181 
27.75% 
41.72% 
58.13% 
73.25% 
85.28% 
93.63% 
97.26% 


3.78% 
3.91% 
4.281 
5.08% 
5.12% 
5.45% 
8.077 
11.182 
16.637 
19.34% 
25.01% 
23. 1213 
40.77% 
47,44% 
54.782 
58.84% 





N( 
N( 
N( 
N ( 
N( 
N( 
N( 
N( 
N( 


Νί 
Νί 
Νί 
Νί 
N( 
Νί 


Ut 
Ut 
Ut 
Ut 
ut 
ut 
Ut 
Ut 
Ut 
Ut 


Ut 
ut 
Ut 
Ut 
ut 
ut 
ut 
ut 
ut 


0.0 » 
0.0 » 
0.0, 
0.0, 
0.0, 
0.0. 
0.0. 
0.0 » 


0.0 % 
0.0 % 


0.0 % 
0.0 , 
0.0 ? 


1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1-00, 
1.00, 
1.00, 
1.00, 


1.00, 
1.00, 
1.00, 
1.00, 
1.00. 
1.00; 
1.00, 
1.00, 
1.00, 


1.00} 
1.00} 
1.00} 
1.00} 
1.00} 
1.00} 
1.00} 
1.00} 
1.00} 


1.00} 
1.90} 
1.00} 
1.00} 
1.90) 
1.00) 


2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 


2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.09) 


NORMAL = SAMPLE SIZE SO 


AGAINST N( 0.0 + 1.00) REJECTEO 
AGAINST Nt 0.0 , 2.00] REJECTEO 
AGAINST N( 0.0 + 3.00) REJECTEO 
AGAINST N( 0.0 , 4.00) REJECTEO 
AGAINST Νί 0.0 » 5.00) RE JECTEO 
AGA(NST N( 0.0 » 6.00) REJECTEO 
AGAINST М( 0.0 » 7.00) REJECTEO 
AGAINST N( 0.0 » 8.00) REJECTEO 
AGAINST Nt 0.0 » 9.00) REJECTEO 


NORMAL = SAMPLE SIZE 50 


AGAINST М( 0.10, 1.00) REJECTED 
AGAINST N( 0.20, 1.00) REJECTED 
AGAINST Nt 0.30, 1.00} REJECTED 
AGAINST Nt 0.40, 1.00! REJECTED 
AGAINST Nt 0.50, 1.00} REJECTEO 
AGAINST М( 0.60, (.00} REJECTEO 


UNIEQRM - SAMPLE_SIZE 19 


AGAINST 0( 1.00, 2.00} REJECTEO 
AGAINST U( 1.10, 2.10) REJECTEO 
AGAINST  U( 1.20, 2.201 RE JECTEO 
AGAINST Ul 1.30, 2.30) REJECTEO 
AGAINST U( 1.40, 2.401 REJECTEO 
AGAINST U( 1.50, 2.50! REJECTEO 
AGAINST Ul (.60, 2.60) RE JECTEO 
AGAINST UC 1.70, 2.70} REJECTEO 
AGAINST ( 1.80, 2.80} REJECTEO 
AGAINST (М( 1.90. 2.90) REJECTEO 


UNIFORM - SAMPLE SIZE 10 


AGAINST U( (.05, 1.95} REJECTEO 
AGAINST U( (.10, 1.90} REJECTED 
AGAINST U( 1.15, 1.85) REJECTEO 
AGAINST Ut 1.20, 1.80} REJECTED 
AGAINST U( 1.25, 1.75} REJECTEO 
AGA(NST Ul 1.30, (.70!} REJECTEO 
AGAINST Ul 1.35, 1.65) REJECTEO 
AGAINST U( 1.50, 1.60} REJECTEO 
AGAINST U( 1.45, 1.551 REJECTEO 
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3.84% 
10.45% 
24.65% 
40.06% 
56.317 
69.307 
716.397 
83.247 
87.831 


4.83% 
5.59% 
7.69% 
10.40% 
15.651 
21.20% 


1.967 

3.61% 

8.81% 
20.145 
36.58% 
56.59% 
71.245 
91.63% 
98.471 
99.981 


1.907 
2.19% 
3.13% 
5.821 
10.62% 
18.60% 
34.541 
56.65% 
84.021 





Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 


Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 


Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
ut 


1.00; 
1.00, 
1.00, 
1.00; 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00; 
1.00, 
1.00, 
1.00; 
1.00, 
1.00, 
1.00, 
1.00, 


1.00, 
1.09, 
1.00, 
1.00, 
1.00» 
1.00, 
1.00, 
1.00, 


1.00, 
1.00» 
1.00; 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00» 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00. 
1.00, 
1.00, 
1.00, 


2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.90) 


2.00) 
2.00) 
2.00) 
2.09) 
2.00) 
2.00) 
2.90) 
2.00) 


2.00) 
2.00) 
2.00} 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 


UNJIEORM - SAMPLE SIZE 20 


AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 


U( 0.95, 
Ut 0.90, 
0% 0.85, 
Ut 0.80, 
U( 0.75», 
0% 0.70, 
U( 0.65, 
Ut 0.60, 
U( 0.55, 
U( 0.50» 
Ut 0.45, 
U( 0.40, 
)تا‎ 0.35, 
υἱ 0.30, 
U( 0.25, 
0% 0.20» 
Ul 0.15», 
U( 0.10; 
Ut 0.05, 
0% 0.0, 


2.05) 
2.10) 
2.15) 
2.20) 
2.25) 
2.30) 
2.35) 
2.40) 
2.45) 
2.50) 
2.55) 
2.60) 
2.65) 
2.70) 
2.75) 
2.80) 
2.85) 
2.90) 
2.95) 
3.00) 


REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 


UNIFORM = SAMPLE SIZE 15 


AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 


UNIFORM = SAMPLE-SIZE.12 


AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 


U( 1.00; 
Ut 1.10; 
U( 1.20, 
Ut 1.30, 
U{ 1.40, 
U( 1.50, 
Ut 1.60, 
Ut 1.70, 


Ut 0.95, 
Ut 0.90, 
U( 0.85, 
U( 0.80, 
)تا‎ 0.75, 
U( 0.70s 
U( 0.65, 
0( 0.60, 
0( 0.55, 
0% 0.50, 
Ut 0.45, 
Ul 0.40, 
Ut 0.35, 
Ul 0.30, 
)لا‎ 
U( 0.20, 
U( 0.15» 
U( 0.10, 
U( 0.05, 
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2.00) 
2.10) 
2.20) 
2.30) 
2.40) 
2.50) 
2.60) 
2.70) 


2.05) 
2.10) 
2.15) 
2.20) 
25891 
2.30) 
2.35) 
2.40) 
2.45) 
2.50) 
2.55) 
2.60) 
2.65) 
2.70) 
2.75) 
2.80) 
2.85) 
2.90) 
2.95) 


REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 


REJECTEO 
REJECTEO 
REJECTED 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 


1.72% 
1.96% 
2.591 
3.13% 
3.81% 
4.45% 
5.997 
7.01% 
8.52% 
10.25% 
12.73% 
13.40% 
15.85% 
16.957 
19.003 
19.44% 
21.817 
25.22% 
26.20% 
29.67% 


4.52% 

6.527 
14.19% 
30.67% 
54.56% 
17.15% 
92.767 
98.781 


5.847 

8.827 
12.79% 
16.81% 
22.85% 
27.68% 
32.001 
38.29€ 
43.31% 
47.92% 
52.407 
56.477 
60.56% 
63.69% 
67.357 
70.50% 
73.65% 
75.22% 
79.16% 








Ut 
Ut 
Ut 
ut 
Ut 
ut 
Ut 
Ut 
Ut 


Ut 
Ut 
Ut 
Ut 
Ut 
Ut 
ut 


ut 
ut 
Ut 
Ut 
Ut 
Ut 
Ut 
ut 
Ut 
Ut 
Ut 
Ut 
Ut 
Ut 


Ut 
Ut 
Ut 
Ut 
Ut 
ut 
Ut 
Ut 


1.00» 
1.00. 
1.00. 
1.00, 
1.00, 
1.00, 
1.00» 
1.00. 
1.00» 


1.00, 
1.00, 
1.00» 
1.00, 
1.00, 
1.00, 
1.00, 


1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 


1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 


2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 


2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 


2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 


2.00) 
2.00) 
2.90) 
2.00) 
2.99) 
2.90) 
2.00) 
2.00) 


UNIFORM — SAMPLE SIZE 15 


REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 


REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 


REJECTEO 
REJECTEO 
REJECTEO 
RE JECTEO 
RE JECTEO 
RE JECTEO 
PEJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 


AGAINST Ut 1.05, 1.95) 
AGAINST Ut 1.10, 1.90) 
AGAINST Ut 1.15, 1.85) 
AGAINST Ut 1.20, 1 
AGAINST Ut 1.25, 1.75) 
AGAINST М( 1.30, 1.70) 
AGAINST Ut 1.35, 1.65] 
AGAINST U( 1.40» 1.60) 
AGAINST Ut 1.45, 1.55] 
UNIFORM = SAMPLE SIZE 20 
AGAINST ІХ 1.00. 2.00) 
AGAINST Ut 1.10, 2.10) 
AGAINST Uf 1.20, 2.20) 
AGAINST Uf 1.30, 2.30) 
AGAINST Uf 1.40, 2.40) 
AGAINST Uf 1.50, 2.50) 
AGAINST Ut 1.60, 2.60) 
UNIFORM = SAMPLE SIZE 20 
AGAINST Ut 0.95, 2.05) 
AGAINST Uf 0.90, 2.10) 
AGAINST Ut 0.85, 2.15) 
AGAINST Uf 0.80, 2.20) 
AGAINST Uf 0.75, 2.25) 
AGAINST Ut 0.70, 2.30) 
AGAINST Ut 0.65, 2.35) 
AGAINST Ut 0.60, 2.40) 
AGAINST ul 0.55, 2.45) 
AGAINST Ut 0.50, 2.50) 
AGAINST Uf 0.45, 2.55) 
AGAINST Ut 0.40, 2.60) 
AGAINST Ut 0.35, 2.65) 
AGAINST U( 0.30, 2.70) 


608 29 


AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 


vt 1.05, 
υἱ 1.10. 
Ut 1.15, 
ut 1.20, 
Ut 1.25, 
Ut 1.30, 
Ut 1.35, 
Ut 1.40, 
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1.951 
1.90) 
1.85) 
1.80) 
1.75) 
1.70) 
1.€5) 
1.60) 


REJECTEO 


REJECTEO 
PEJECTEO 
RE JECTEO 
REJECTED 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 


6.41% 
10.15% 
18.22% 
31.37% 
47.73% 
67.17% 
85.412 
95,951 
99.90% 


3.88% 

6.23% 
17.531 
39.781 
66.84% 
87.77% 
97.60% 


5.05% 

9.13% 
13.61% 
18.76% 
25.46% 
31.78% 
38.447 
44.65% 
51.37% 
57.031 
62.86% 
66.44% 
70.22% 
74.12% 


5.837 
10.95% 
20.97% 
25.817 
56.79% 
76.47% 
92.52% 
98.817 





T( 
T( 
T( 
T( 
T( 
T( 
T( 


T( 1.0, 
1.0, 
T( 1.0, 


τί 


T( 1.0, 
τί 1.0, 
τί 1.0, 


Ut 
υί 
υί 
υί 
υί 
υί 


υί 
Ut 
Ut 
Ut 
Ut 
Ut 


1.0; 
1.0; 
1.0; 
1.0; 
1.0; 
1.0, 
1.0, 


1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00, 


1.00, 
1.00, 
1.00, 
1.00, 
1.00, 
1.00. 


3.0, 
3.0, 
3.0, 
3.0, 
3.0, 
3.0, 
3.0, 


3.0, 
3. о, 
3.0, 


3.0, 
3.0, 
3.0, 


2.00) 
2.00) 
2.00) 
2.00) 
2.00} 
2.00) 


2.00) 
2.00) 
2.00) 
2.00) 
2.00) 
2.00) 


3.0) 
3.0) 
3.0) 
3.0) 
3.0) 
3.0) 
3.0) 


3.0) 
3.0) 
3.0) 


3.0) 
3.0) 
3.0) 


UNIFORM = SAMPLE_SIZE_50 


AGAINST UC 1.00, 2.00) REJECTEO 
AGAINST UC 1.10, 2.10) REJECTEO 
AGAINST U( 1.20, 2.20) REJECTEO 
AGAINST U( 1.30, 2.30) REJECTEO 
AGAINST U( 1.40, 2.40) REJECTEO 
AGAINST U( 1.50, 2.50) REJECTEO 
UNIEORM - SAMPLE SIZE 50 

AGAINST UC 1.05, 1.95) REJECTEO 
AGAINST U( 1.10, 1.90) ВЕЈЕСТЕО 
AGAINST UC 1.15, 1.85) REJECTEO 
AGAINST UL 1.20, 1.80) REJECTEO 
AGAINST U( 1.25, 1.75) REJECTEO 
AGAINST U( 1.30, 1.70) REJECTEO 
TRIANGULAR -_ SAMPLE S1Z£ 10 

ALL AREAS EQUAL ONE 
AGAINST T( 1.2, 3,0, 3.0) REJECTEO 
AGAINST T( 1.2, 3.2, 3.2) REJECTEO 
AGAINST Tt 1.4%, 3.4, 3.4} REJECTEO 
AGAINST T( 1.6, 3.6, 2.6) REJECTEO 
AGAINST Τί 1.8, 3.8, 3.8) REJECTEO 
AGAINST T( 2.0, 4.0, 4.0) REJECTEO 
AGAINST T( 2.2, ^.2, *.2) REJECTEO 
IRLANGULAR -_ SAMPLE SIZE 10 

ALL_ AREAS EQUAL ONE 
AGAINST T( 1.0, 2.8, 2.8) REJECTEO 
AGAINST T( 1.0, 2.6, 2.6) REJECTEO 
AGAINST T( 1.0, 2.4, 2.4) REJECTEO 
IRIANGULAR - SAMPLE SIZE 1 

ALL AREAS EQUAL ONE 
AGAINST Т( 1.2, 3.0, 3.0} REJECTEO 
AGAINST Т( 1.4, 3.0, 3.0) REJECTED 
AGAINST T( 1.6, 3.0, 3.0) REJECTEO 
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4.58% 
21.60% 
59.26% 
89.85% 
98.99% 
99.96% 


6.84% 
18.71% 
40.04% 
68.207 
90.40% 
98.61% 


1.75% 

4.8273 
14.70% 
34.85% 
60.45% 
82.46% 
95.007 


4.02% 
11.177 
26.51% 


2.00% 
2.44% 
4.02% 





T( 
τί 
τι 
τί 
τί 
τί 
τί 


τι 
τι 
τι 


τι 
τι 
τι 


τί 
τι 
τι 
τί 
τί 
τί 


1.0, 
1.0, 
1.0, 
1.0, 
1.0, 
1.0, 
1.0» 


1.0, 
1.0, 
1.0, 


1.0, 
1.0, 
1.0, 


1.0, 
1.0, 
1.0, 
1.0, 
1.0, 
1.0, 


T¢ 1.0, 


τί 
τί 


1.0, 
1.0, 


3.0, 
3.0, 
3.0, 
3.0, 
3.0, 
3.0, 
3.0, 


3.0, 
2,0, 


3.0, 


3.0» 
3.0» 
3.0, 


3.0, 
3.0» 
3.0» 
3.0, 
3.0, 
3.0» 


3.0: 
3.0, 
3.0, 


3.0) 
3.0) 
3.0} 
3.0) 
3.0) 
3.0) 
3.0) 


3.0) 
3.0) 
3.0) 


3.0) 
3.0) 
3.0) 


3.0) 
3.0) 
3.0) 
3.0) 
3.0) 
3.0) 


3.0) 
3.0) 
3.0) 


IRIANGULAR = _ SAMPLE SIZE_15 
ALL AREAS EQUAL ΟΝΕ 


AGAINST T( 1.0, 3.0, 3.0! REJECTEO 4.462 
AGAINST Т( 1.2, 3.2, 3.2) REJECTEO 9.42% 
AGAINST Tl 1.42 3.4% 3.4) REJECTEO 23.82% 
AGAINST Т( 1.6, 3.6, 3.6) REJECTEO 52.331 
AGAINST T( 1.8, 3.8, 3.8) REJECTEO 79.581 
AGAINST TI 2.0, 4.0, 4.0) REJECTEO 94.88% 
AGAINST Τί 2.2, 4.2, 4.2) REJECTEO 99.42% 


IRLANGULAR = SAMPLE SIZE 15 
ALL AREAS EQUAL ONE 


AGAINST Τί 1.0, 2.8, 2.8) REJECTEO 10.23% 
AGAINST Tl 1.0, 2.6, 2.6) REJECTEO 24.93% 


IRIANGULAR - _SAP£LE SIZE 12 
ALL-AREAS EQUAL ONE 


AGAINST Т( 1.2, 3.0, 3.0) REJECTEO 4.95% 
AGAINST Tl 1.4, 23.0, 3.0) REJECTEO 6.077 
AGAINST Τί 1.6, 3.0, 3.0) REJECTEO 8.707 


IRIANGULAR - SAMPLE SIZE. 20 
ALL AREAS EQUAL ONE 


AGAINST T( 1.0, 3.0, 3.01 REJECTEO 3.618 
AGAINST Tl 1.2, 3.2, 3.2) REJECTEO 9.957 
AGAINST Tl 1.4, 3.4, 3.94) REJECTEO 29.02% 
AGAINST Τί 1.6, 3.6, 3.6) REJECTED 62.75% 
AGAINST Т( 1.8, 3.8, 3.8) REJECTEO 89.33% 
AGAINST TI 2.0, 4.0, 4.0) REJECTEO 98.491 


IRIANGULAR - SAMPLE SIZE_20 
ALL AREAS EQUAL ONE 


AGAINST Т( 1.9, 2.8, 2.8) REJECTED 13,317 
AGAINST Т( 1.0, 2.6, 2.6) REJECTED 29.47% 
AGAINST T( 1.0, 2.4, 2.4) REJECTEO 58.73% 
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T( 1.0, 
Tt 1.0: 
T( 1.0, 


Т( 1.0, 
Τί 1.0, 
Tt 1.0: 
τί 1.0, 
τί 1.0, 
T( 1.0» 
τί 1.0% 


τί 1.0, 
T( 1.0, 
Τί 1.0, 
τί 1.0. 
τί 1.0, 
τί 10, 
τί 1.0, 


3.0, 3.0) 
3.0, 3.0) 
3.0, 3.0) 


IBIANGULAR - SAMPLE _SIZE_20 


ALL AREAS EQUAL ONE 
AGAINST Т( 1.2, 3.0, 3.0) 
AGAINST T( 1.4, 3.0, 3.01 
AGAINST Τί 1.6, 3.0, 3.0) 


IRIANGULAR - SAMPLE SIZE 10 


REJECTEO 
REJECTEO 
REJECTEO 


AREAS ARE PROPORTIONAL TO BASE LENGTHS 


1.0, 
1.0, 
1.0, 
1.0, 
1.0, 
1.0, 
1.0, 


3.0) 
3.0) 
3.0) 
3.0) 
3.0) 
3.0) 
3.0) 


AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 


IRIANGULAR =_SAMPLE SIZE_15 


Tt 1.0 
T( 1.0, 
T( 1.0» 
τί 1.0, 
T( 1.0», 
Tí 1.0, 
T( 1.0; 


1.0, 
1.2, 
1.4, 
1.6, 
1.8, 
2.2, 
2.4%, 


3.0) 
3.0) 
3.0) 
3.0) 
3.0) 
3.0) 
3.0) 


REJECTEO 
REJECTEO 
REJECTED 
REJECTEO 
REJECTEO 
REJECTED 
REJECTEO 


AREAS ARE PROPCRIITONAL TC BASE _LENCINS 


1.0, 
1.0. 
1.0: 
1.0% 
1.0: 
1.0, 
1.0. 


3.0) 
3.0) 
3.01 
3.0! 
3.0) 
3.01 
3.0) 


AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 
AGAINST 


T( 1.0, 
T( 1.0, 
Tt 1.0, 
τί 1.0, 
Τί 1.0, 
T( 1.0, 
T( 1.0, 
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1.0» 
1.2, 
1.4, 
1.6, 
1.8, 
2.0, 
2.2, 


3.0) 
3.0) 
3.0) 
3.0) 
3.0) 
3.0) 
3.0) 


REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTEO 
REJECTED 
REJECTEO 


4.25% 
5.43% 
8.837 


1.802% 
2.28% 
3.227 
5.21% 
7.39% 
14.62% 
18.99% 


4.221 
5.75% 
7.82% 
10.777 
14.80% 
19.221 
25.29% 
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